A 15-state R-matrix calculation has been carried out at 530 energies ranging from the n =2 threshold up to n =5 threshold at 13. 06 
I. INTRODUCTION Williams [1] reported electron-impact excitation of resonances between the principal quantum number n =2 and 3 states of atomic hydrogen by observation of radiation from the spontaneous decay of the Zp state and from the delay quenching of the 2s state in an external field.
Integral excitation cross sections for the 2s and 2p states were measured separately over the energy range from about 10.2 to 12.08 eV with an electron energy resolution quoted to be 9 meV. From the measurements on the energy dependence of optical excitation functions for the Zs and Zp states, he found (i) a rich cluster of resonances; many of these were observed for the first time. Wherever comparison is possible, the extracted resonant positions were reported to be in excellent agreement with the calculation of Callaway [2] . However, at electron energies converging to the n =3 threshold, the optical functions show complicated and irregular structure which makes extraction of resonant positions and widths almost impossible. This cannot be explained by cascade effects as there is a complete absence of cascades in this energy range. (ii) There is considerable similarity between the structure in the 2s and 2s +Zp integral cross sections and it is only the depths or the heights of the structure that were appreciably difFerent (see Fig. 1 Table I ). In this way, closely packed resonances of difFerent symmetries can be discerned and positions and widths of the resonances extracted separately (see Fon and Lim [4] ).
Measurements on the angular distribution (as a function of electron energy) of those electrons which have lost 10.2 eV in exciting either the 2s or 2p state were first reported by Williams [5] at scattering angles of 30 [1] . The full curves are the theoretical values of the 15-state R-matrix calculation and the dashed curves are the calculation of Callaway [2] . The closed circles (e) are the calculation of Taylor and Burke [22] . [11] . The collision calculations are carried out in LS coupling using the R-matrix package of Berrington et al. [12] . The target wave functions, energy levels, and scattering wave functions used in the present 15-state Rmatrix calculation have been fully described by Pathak, Kingston, and Berrington [9] and Aggarwal et al. [13] . [16] , Oberoi [17] , and Ho and Callaway [18, 19] (see [9] is defined as J(8,k, ) = (1 r, ) l(1+ 3r-, ), (2) where r; is the ratio of triplet to singlet cross section for the i~j transitions.
III. RESULTS AND DISCUSSIONS
The 15-state R-matrix calculations of Pathak and coworkers [9] and Fon, Ratnavelu, and Aggarwal [10] have been extended to obtain the difFerential cross sections and the spin asymmetry A "z, (8, k ) [21] ). In general, for energy lying below the ionization threshold, close-coupling calculations in which physical target states with increasing principal quantum number n are used, yielding accurate qualitative cross section in the energy range up to the highest threshold explicitly included in the expansion. This phenomenon has been known for some time (see, for example, Taylor and Burke [22] and Burke, Ormonde, and Whitaker [21] , who examined the n =1 to 2 transitions in electron-hydrogen scattering). The same observation was made by Berrington and Kingston [23] in electron-helium scattering.
The 15-state calculation on the integral cross section (or its equivalent; collision strengths} was extensively discussed by Aggarwal et al. [13] . The effect of virtual excitation to the continuum was fully examined by comparison of the 15-state calculation with those of Callaway [2] and Scholz, Walters, and Burke [24] in which the continuum effects were taken into consideration in distinctly different ways. However, to recapitulate, the present 15-state R-matrix calculation on integral cross sections for 1s~2s and 1s~2s+2p excitations is compared in Fig. 1(a) with the experiments of Williams [1] and the theoretical values of Callaway [2] . The fact that there is an excellent agreement between the experiments and the calculation of Callaway [2] [21] and [22] One unique feature of the R-matrix calculation is that the accuracy of the calculation is not compromised by the need to obtain results at a large number of energy points (530 energies were used in this paper). This can be accomplished with ease by the R-matrix method (see [11] ) and the R-matrix computer package is designed such that 90% of the computer time needed for the calculation is independent of the energy value chosen (see Berrington et al. [12] ). This makes the 15-state R-matrix calculation ideally suited to the studies of resonance phenomena considered here.
There is considerable similarity between the structure in the 1s~2s and 1s~2s+2p excitation cross sections and it is only the depths and the heights that are appreciably different (see Fig. 1 ). In Fig. 1(b ---, the calculation of Callaway [28] . The Fig. 6 Table II ). All these match the prediction indicated in Table I. On the other hand, the ls~2s+2p DCS shown in Fig.  5 does not seem to conform to the pattern indicated by Table I . At scattering angle 55', Table I The nonconformation of the 1s~2s+2p DCS to the prediction of Table I [7] are compared in Fig. 2 of the paper [6] with the measurements of Warner, Rutter, and King [6] . The [7] are reported in reasonable agreement with the experiments. In particular, at scattering angle 90', the calculations before and after convolution do not show a large spike at the posi- [28] show unmistakably that the sharp peak does exist at the energy position of the F' resonance. This suggests that the calculation of Morgan, McDowell, and Callaway [7] did not have enough energy points to map out the actual shape of the resonant profile and its agreement with the experiments [6] is purely by coincidence.
old [see Figs. 8(a) -8(d) ], the general feature of the spin asymmetry A"2, (8,k ) takes the shape as shown in Fig. 8(c) Table III ). Table III ). 
